Background: Suicide issue is of great concern in China. Social media provides an active approach
Introduction Suicide Issue and Intervention in China
Suicide issue is as severe in China as in other parts of the world. Nationwide investigation has revealed about 287 thousand suicides and 2 million attempted suicides every year among Chinese citizens; suicide has become the primary cause of life lost for Chinese between the age of 15 to 34 (Beijing Suicide Research and Prevention Center, 2007) . The aggregated amount of financial burden and mental trauma resulted from all kinds of fatal and nonfatal self-harm is beyond calculation.
To alleviate suicide damage, detection and intervention of suicide at its early stage is necessary (Awata et al., 2007) . Professional assistance from health center is generally available through telephone or face-to-face counseling in mainland China (Li, 2007) , and studies for the mental health state of both suicidal individuals and close family members of the suicide have been widely carried out (X. Li & Phillips, 2010; Phillips, Yang, Li, & Li, 2004; Phillips et al., 2009 ).
Nevertheless, current intervention process remains passive and inefficient, as evidence shows that most Chinese individuals with suicidal ideation do not seek professional assistance (Phillips et al., 2002) . Moreover, most suicide studies are dependent on surveys, psychological test scales and interviews, faced with restrictions including participants (both participants with suicide ideation and friends/relatives of suicide individuals) conceding their genuine thoughts, difficulty of confirming personal information of the deceased, and ethics issue (Jashinsky et al., 2013) .
Suicide Intervention via Social Media
Social media provide contemporary experts with a new approach to suicide intervention as more people are expressing their emotions and thoughts in social network platforms. According to Sina Weibo Data Center (2012), more than 100 million posts are posted at Sina Weibo on a daily basis. Contrary to traditional methodology, social media enable scholars to actively search for individuals with suicide ideation, and expose them to assistance in time. For example, minority groups (e.g. teenager lesbians and gay men) in Twitter can be found and offered with help (Silenzio et al., 2009) . Individuals reporting suicide plans in Sina Weibo and Facebook also obtained massive amount of comfort and support (Fu, Cheng, Wong, & Yip, 2013; Ruder, Hatch, Ampanozi, Thali, & Fischer, 2011) .
Text analysis is a powerful tool for researchers in comprehending thoughts and emotions of Microblog users. People reveal their identity and social status via language (Tausczik & Pennebaker, 2010) , whose written form can be transformed to text. As individuals are more willing to leave feelings and thinking on social media due to online disinhibition result (Suler, 2004) , and that online texts are consistent with offline texts for suicide individuals (Barak & Miron, 2005) , it is practicable to detect the real intentions and potential behaviors of people with suicidal thoughts.
Features of suicidal individuals need to be clarified to advance an identification process. Some previous online suicide case studies have been carried out. For instance, a 13-year-old Chinese boy's blog during the year prior to his suicide was analyzed using the Chinese Linguistic Inquiry and Word Count (CLIWC) program, and posting frequency and language use demonstrated a suicidal process (T. M. Li, Chau, Yip, & Wong, 2014) . To increase the knowledge of valid features of suicidal individuals distinguishable from people without suicide ideation, we conduct a benchmark study targeting an "extremely suicidal" group -suicide Microblog users -to discover how they acted and spoke differently from non-suicidal users online.
Research Objective
Our research aims to contribute to the suicide studies in the following two aspects. First, as few applicable online criteria of suicide ideation have been noted in previous literature, we intend to discover the strong indicators of suicide ideation by understanding both linguistic and behavioral features of Microblog users who have completed fatal self-harm. Second, as Chinese act and speak differently from people of other countries (Tsai, Simeonova, & Watanabe, 2004) , and that Chinese have not been well investigated (Li, Cai, Graesser, & Duan, 2012) , we hope to expand the field of suicide studies by portraying the characteristics of China's Microblog users. In the current research, we compare Microblog users who have committed suicide with non-suicidal users in China, combining behavioral and linguistic studies, in the attempt to find distinguishable features for suicide individuals on social media, and to further provide research support to the construction of a social alarm system for suicide ideation.
Method Participants Suicide Users.
Information of suicide group (19 women, 14 men, Mage=23.2, age range: 13-48, nationality: China) was collected via cooperation with an officially authenticated Sina Weibo user, who is specialized in the confirmation of identities of deceased Sina Weibo users. Thirty-seven confirmed IDs were provided, four of which were finally eliminated because of the small size of total posts (fewer than twenty posts individually).
Non-suicidal Users.
To build a control group of non-suicidal users, 500 Sina Weibo users had been invited to complete an online survey including two scales for detecting suicide ideation: Suicide Possibility Scale (SPS) and Scale for Suicide Ideation (SSI), both in simplified Chinese version. Eligible participants for the control group should meet the following requirements: (1) Pass the screening process of suicide intention detection (see Table 1 
Gender and Age Control.
To eliminate potential influences of feature difference caused by gender and age, T-test was performed to examine the homogeneity of the two groups. There was no significant difference in gender and age between suicide group and control group, p>0.05. As a result, revealed feature differences should be attributed to suicide act.
Behavioral Features of Weibo User
Nine behavioral features of Sina Weibo users were extracted in terms of their self-expression, interaction with other users, and variation of activeness (See Table 2 ). The extraction process is based on both research support and data accessibility. For an excluded example, originally there was a tenth feature named as "Activeness of social networking", calculated by the ratio of mutual follow accounts to followed accounts. Despite the richness of previous research suggesting the protective role social network support plays in the ease of suicide ideation (Barak, 2007; Compton, Thompson, & Kaslow, 2005; Kerr, Preuss, & King, 2006) , we later discovered that the number of accounts following suicide users generally boomed after media reported the suicide incident. Unable to achieve the data of fan numbers before their suicide act, we had to eliminate this feature because it could not indicate the real social network of suicide users. Ratio data were adopted in most features to eliminate the impact of time discontinuity, since control group remains active online whereas suicide group have no updates any more.
Linguistic Features of Weibo User
Linguistic features were specified in Simplified Chinese Microblog Word Count Dictionary (SCMBWC), a Chinese version of Language Inquiry and Word Count (Pennebaker, Francis, & Booth, 2001 ) which has been demonstrated an effective lexicon for text analysis (Gao, Hao, Li, Gao, & Zhu, 2013) . There were altogether 88 features in SCMBWC, covering basic categories in Chinese linguistics such as language process, psychological process, person concern and oral language.
TextMind Chinese text analysis system were applied in this study (Gao, Hao, Li, Gao, & Zhu, 2013) .
Statistical Analyses
Data analysis was performed with SPSS 17.0 using descriptive statistics and independent sample T test to compare the behavioral and linguistic differences between suicide and control group.
Results

Descriptive Analysis of Weibo User
The majority of users in both groups were teenagers or adults below the age of 35, which is consistent with the current age distribution in Sina Weibo as users below the age of 35 took up 90% of the user population (Sina Weibo Data Center, 2013). All participants remained active currently or before their suicide act, as presented in Table 3 . 
Group Difference in Behavioral Features
Group Difference in Linguistic Features
Significance of difference was revealed in 7 of the 88 linguistic features: negative words/social process words/cognitive process words/emotion process words/negative emotion words/exclusive words/physiological process words, as shown in Table 5 . For all the listed features, suicide group outnumbered control group in the word count.
Discussion
Strong Indicators of Suicide Ideation in Sina Weibo
It is revealed in the study that suicide group referred to themselves more frequently than 9 control group. This finding is supported by massive previous research (T. M. Li et al., 2014; Stirman & Pennebaker, 2001; Wang et al., 2013) , suggesting that extensive use of first person singular may be one of the most effective indicators of suicide ideation. Individuals inclined to commit suicide are more focused on themselves (Wolf, Sedway, Bulik, & Kordy, 2007) , which is also shown in one of the linguistic features, as suicide users expressed more physiological process words (e.g. dizzy, sweat) than non-suicidal users.
According to the study, suicide individuals openly published more Microblogs than common users. In Sina Weibo, a user can set up three levels of accessibility for each post: Level 1: accessible to only to oneself; Level 2: accessible only to some people; and Level 3: accessible to all users. The fact that suicide users generally published more Level 3 posts may suggest a potential intention of exposing their fatal self-harm thoughts. This is partially supported by the test result that they appeared more cognitively and socially active in language use. It has been reported that over 60% suicide individuals had clearly claimed their intention before death (Giovacchini, 1981) . As for the current social network environment, most people on social media will offer all kinds of support and help when they find someone reveals strong intention of suicide (Fu et al., 2013; Ruder et al., 2011; Silenzio et al., 2009 ). There will be great chance that suicidal individuals could be saved if they were identified and exposed to assistance in time.
Previous studies are more concentrated on the richer expression of negative emotions by suicide people (T. M. Li, Chau, Wong, & Yip, 2012; T. M. Li et al., 2014; Pestian et al., 2012) , which is echoed by the findings in this study that suicide group generally used more negative emotion words. Nevertheless, it is the first time cognitive words with negative meaning (e.g. no, none, but, except) have been found to represent the suicide ideation. In the Four Factor Model of suicide ideation, it is noted that suicidal individuals show more hostility (Eltz et al., 2007) . It can be inferred from the study that hostility may be featured as both emotionally and cognitively negative language use on social media.
Limitations
The major obstacle of this study lies in the information collection work of suicide Microblog users. Current notification of suicide users is heavily dependent on media reports and expert confirmation, resulting in relatively small sample size. Due to the anonymity of Internet, collection and confirmation of personal information add up to the difficulty of research. There is possibility that other demographic variables apart from gender and age may become potential disturbance variables in the test (e.g. family income). However, to the best of our effort, age and gender are everything we know of suicide users. To deal with this problem, it is our future work to cooperate with corporations and government to obtain more detailed information.
Implications
This study provides insights in the construction of an online detection mechanism for suicide ideation. Although the explanatory power of outstood features from our study in identifying a potentially suicidal Microblog user remains uncertain, we have completed a benchmark study in search of valid indexes to locate individuals in need of suicide intervention promptly. One of the uniqueness of the study is that extreme suicidal ideation are demonstrated by the actual suicide act of users. As a result, any revealed behavioral or linguistic difference between the two groups becomes a more convincing indicator of suicide ideation. The ratio of openly published post count to all post count Microblog Originality
The ratio of original post count to all post count Microblog Transitivity
The ratio of link-embedded post count to all post count Microblog Interaction
The ratio of others-mentioning post count to all post count Group Reference
The average number of first person plural words per post Self-Reference
The average number of first person singular words per post Nocturnal Activeness
The ratio of count of posts sent between 22:00-6:00 to all post count Adoption of Negative Emoticons The average number of negative emoticons per post Note. To determine negative emoticons, five psychology master candidates were recruited to evaluate all 1983 Sina Weibo emoticons, and 118 were ultimately confirmed. Note. *p<0.5, **p<0.01. Units of behavioral features are not consistent, thus were specified in the table. 
